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(54) ALUMINA CERAMICS MATERIAL EXCELLENT IN PLASMA CORROSION RESISTANCE AND 
ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an alumina ceramics material having excellent corrosion 
resistance to a fluorine-based plasma. 

SOLUTION: This alumina ceramics material comprises an alumina sintered compact having >99.75% 
alumina purity, 4-15 yum average crystal grain diameter and >3.94 g/cm3 bulk density. Furthermore, 
the material has a surface having >0.34 crystal orientation ratio determined by the formula 1030 
(11 1 3+I030)[I030 and 11 13 are each the intensity of the peaks corresponding to the alumina crystal 
{030} face and {113} face of a diffraction pattern ontained by an X-ray diffractometric measurement] 
in the X-ray diffratometric measurement as the surface having plasma corrosion resistance. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Alumina purity is 99.75% or more, and the diameter of average crystal grain is 4 micrometers 
- 15 micrometers, and bulk density is 3 3.94g/cm. It consists of alumina ceramics which they are above. 
And it sets to X diffraction measurement and is formula 1030/(11 13+1030) (among a formula). 1030 And 
II 13 the reinforcement of the peak corresponding to the alumina crystal {030} side of a diffraction 
pattern and {113} sides which are acquired by said X diffraction measurement, respectively — it is — 
The alumina-ceramics ingredient excellent in plasma corrosion resistance characterized by having the 
front face whose rate of crystal orientation called for is 0,34 or more as a front face of plasma corrosion 
resistance. 

[Claim 2] The manufacture approach of an alumina-ceramics ingredient of having excelled in the plasma 
corrosion resistance characterized by having the process which performs pressing to 1 shaft orientations 
about the process which carries out temporary quenching of said alumina raw material powder at the 
temperature of 1000 degrees C - 1 150 degrees C, and the ingredient which performed said temporary 
quenching before fabricating said alumina raw material powder in the approach of manufacturing an 
alumina-ceramics ingredient by sintering the Plastic solid which fabricated alumina raw material powder 
and was acquired. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alumina-ceramics ingredient which has the 
corrosion resistance which was excellent especially to the fluorine system plasma exposure required for 
semi-conductor processes, such as etching, production of the semi-conductor epitaxial growth film, and 
manufacture of an LSI circuit, and its manufacture approach about alumina ceramics excellent in plasma 
corrosion resistance, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The equipment which process using the plasma of a plasma etching 
system , a plasma ashing device , plasma CVD equipment , etc. can perform efficient required 
processing at low temperature , and it be indispensable from the point that control of processing also 
have few possibilities of it be comparatively easy and give a damage to ingredients , such as a semi- 
conductor substrate , in manufacture of high integrated semiconductor equipment , a liquid crystal 
display , etc. 

[0003] Introduce reactant gas in the container which should perform processing decompressed near the 
vacuum, impress a RF and microwave, a discharge in gases is made to cause, and the plasma is made to 
generate with these equipments. Drawing 1 shows typically an example of this kind of plasma treatment 
equipment. In this equipment, it is laid on the sample base 23 and the surroundings of it are surrounded 
with a protective plate 24. And when plasma treatment is performed to the front face of the ingredient 
held by the clamper 25, the inside of the plasma production room 20 from the gas supply line 13 after 
performing exhaust air from an exhaust port 14 and setting the inside of the reaction container 1 1 as a 
predetermined degree of vacuum — CF4, C three F8, C12, and HBr, Ar and 02 etc. — reactant gas is 
supplied. Cooling water is poured during actuation of equipment at the cooling water circulation room 
1 8, and the circumference of the reaction container 1 1 is cooled. Microwave is introduced into the 
dielectric wire way 12 through a waveguide 15 from a microwave oscillator 16. Electric field are formed 
in dielectric wire way 12 lower part by this, and the formed electric field pass the microwave installation 
aperture 22, and are introduced in the plasma production room 20. The gas supplied from the gas supply 
line 13 is introduced in the plasma production room 20, and is plasma-ized by the exposure of 
microwave. Among plasma, a neutral radical mainly passes the mesh- like dashboard 17, and reaches on 
the front face of breadth and an ingredient in a reaction chamber 21 electrically, and plasma treatment is 
performed. Moreover, in such equipment, an electrostatic chuck etc. is used as a fixture holding the 
ingredient which should be carried out plasma treatment. 

[0004] In such plasma treatment equipment, a microwave installation aperture, a protective plate, a 
clamper, an electrostatic chuck, etc. are exposed to the plasma. Therefore, these members need to have 
corrosion resistance to the plasma. A member which has the outstanding corrosion resistance is desired 
to the reactant higher fluorine system plasma especially generated from fluorocarbon and other fluorine 
content gas. 

[0005] JP,8-81258,A indicates the technique for offering the alumina-ceramics sintered compact which 



is excellent in dry etching-proof nature. As for an alumina-ceramics sintered compact, according to this 
official report, 99.99 or less % of the weight of an aluminum oxide and the remainder consist of an 
oxide of metals other than aluminum 99.2% of the weight or more, and mean particle diameter is 0.5 
micrometers or more 1.5 micrometers or less in there, and consistencies are 3.88 g/cm3. It is 3.97 g/cm3 
above. It is the following. Moreover, this sintered compact that carried out the grinding process is heat- 
treated over 6 or less hours for 0.1 hours or more at 1000-degree-C or more temperature of 1550 degrees 
C or less. 

[0006] JP,8-231266,A indicates the technique for offering the improved aluminum ceramic ingredient 
which has strong resistance to etching by the fluorine plasma. According to this official report, the 
improved alumina-ceramics ingredient consists of 99.5 % of the weight - 99.8% of the weight of an 
alumina, and binders, such as 0.5 % of the weight - 0.2% of the weight of a silica, and CaO, MgO, and it 
has the particle size distribution of the single mode centering on 15 micrometers - 30 micrometers'. 
[0007] JP,9-2864,A also indicates the technique for offering the alumina-ceramics ingredient which has 
high resistance to the fluorine plasma. According to this official report, a polycrystal alumina-ceramics 
ingredient forms the non-sintered compact which consists of 99.3 % of the weight - 99.7% of the weight 
of an alumina, and 0.7 % of the weight - 0.3% of the weight of a binder, and is manufactured by 
sintering at the temperature of about 1400 degrees C - 1700 degrees C for about 8 to 12 hours. At this 
time, area % of the non-sintered particle in a polycrystal alumina-ceramics ingredient does not exceed 
0.1 area%. 
[0008] 

[Problem(s) to be Solved by the Invention] The alumina-ceramics member used for the equipment for a 
semi-conductor process etc. is expected to fulfill conditions, like that it is the thing of level which can 
disregard the contamination to workpieces, such as that damage does not progress locally by the plasma 
exposure other than having the corrosion resistance which was excellent to the plasma, especially the 
fluorine system plasma, and a wafer, that material strength is comparatively large, and it can 
manufacture by the suitable man day. With the alumina-ceramics ingredient indicated by JP,8- 
23 1266, A, alumina purity is comparatively low, and since elements, such as calcium and Mg, are 
included as a binder, possibility of being set to the level which cannot disregard the contamination to a 
wafer can be considered. Moreover, with this ingredient, since the particle-size consistency is 
comparatively large, the standard of typical reinforcement is comparatively as small as 40,000psi(s) 
(about 28kg/mm 2). Moreover, since such an ingredient has the comparatively small sintered compact 
consistency, it is thought that damage tends (it can be easy to dig deeply) to progress locally by plasma 
exposure. Alumina purity is comparatively low, and since the ceramic ingredient indicated by JP,9- 
2864,A also contains elements, such as calcium and Mg, as BAIDA, it is considered may be set to the 
level which cannot disregard the contamination to a wafer. Moreover, it is thought that the manufacture 
process indicated by this official report has comparatively many routing counters, and it is not so good 
since sintering time amount is comparatively as long as 8 - 12 hours. [ of productive efficiency ] With 
the technique indicated by JP,8-81258,A, 0.1-6 hours needs to be heat-treated of 1000-1550 degrees C 
after sintering and a grinding process. It is necessary to look for proper conditions according to 
distortion, the amount of micro cracks, etc. which were generated at the time of sintering, and a 
production process becomes more complicated for such heat-treatment. Moreover, with this technique, 
the sintered compact consistency shown concretely does not become so high, but it is thought that there 
is room to raise an etching-proof property further. 

[0009] The purpose of this invention is offering the outstanding alumina-ceramics ingredient of the 

corrosion resistance over a plasma exposure rather than the conventional ingredient. 

[0010] The further purpose of this invention is offering the technique the corrosion resistance over the 

fluorine system plasma being excellent, and an alumina-ceramics ingredient with high reinforcement 

being manufactured according to a comparatively simple process. 

[0011] 

[Means for Solving the Problem] this invention person came to complete this invention by the corrosion 
resistance over the fluorine plasma of an alumina sintered compact finding out that it is dependent on 



alumina purity, a sintered compact consistency, mean particle diameter, and a crystal stacking tendency, 
and setting up more desirable conditions about them. 

[0012] Namely, the alumina-ceramics ingredient excellent in the plasma corrosion resistance by this 
invention Alumina purity is 99.75% or more, and the diameter of average crystal grain is 4 micrometers 
- 15 micrometers, and bulk density is 3.94 g/cm3. It consists of alumina ceramics which they are above. 
And it sets to X diffraction measurement and is formula 1030/(11 13+1030) (among a formula). 1030 And 
1113 the reinforcement of the peak corresponding to the alumina crystal {030} side of a diffraction 
pattern and {113} sides which are acquired by X diffraction measurement, respectively — it is — The 
rate of crystal orientation called for is characterized by having the front face which is 0.34 or more as a 
front face of plasma corrosion resistance. 

[0013] Moreover, the manufacture approach of an alumina-ceramics ingredient excellent in the plasma 
corrosion resistance by this invention is characterized by to have the process which performs pressing to 
1 shaft orientations in the approach of manufacturing a ceramic ingredient by sintering the Plastic solid 
which fabricated alumina raw material powder and was acquired, about the process which carries out 
temporary quenching of the alumina raw material powder at the temperature of 1000 degrees C - 1 150 
degrees C before fabricating alumina raw material powder, and the ingredient which performed 
temporary quenching. 

[0014] According to this invention which has the above description, the member by which the etch rate 
to a plasma exposure was stopped by 1/2 or less rather than the member by the conventional technique 
can be offered, for example. 
[0015] 

[Embodiment of the Invention] This invention is applicable to the component or components of 
equipment which are used for processes, such as production of for example, wafer etching, ashing, and 
the semi-conductor epitaxial growth film, CVD, LSI circuit manufacture, and liquid crystal display 
manufacture. More specifically, this invention can constitute vacuum chamber components, such as 
equipment wall material, shielding material, plate material, and clamp material, the dummy wafer for 
surface preparation, the hand for silicon wafers, a microwave installation aperture, an electrostatic 
chuck, etc. Hereafter, this invention is explained more concretely. 

[0016] The corrosion of the ceramic material by plasma exposure advances the grain boundary between 
crystal grain, and within crystal grain. In order to raise the corrosion resistance of a ceramic ingredient, 
it is important to lose reduction and the opening of the impurity layer in which the corrosion resistance 
which exists in a grain boundary is inferior, and to raise [ both ] the corrosion resistance of the crystal 
grain itself. 

[0017] First, by raising the alumina purity in alumina ceramics, the impurity contained in a sintered 
compact can be reduced and the generation and the deposit of an impurity layer in a grain boundary can 
be controlled. In this invention, an ingredient with little corrosion by the plasma in a grain boundary is 
offered by making alumina purity into 99.75% or more. If this purity is less than 99.75%, it will become 
difficult to give more desirable corrosion resistance to a ceramic ingredient. 

[0018] Moreover, the opening part which exists in a grain boundary can be decreased by what the bulk 
density of a Plastic solid is raised for (eburnation is carried out), and the corrosion resistance over the 
plasma can be raised. At this invention, it is the bulk density of a ceramic ingredient 3.94 g/cm3 Plasma 
corrosion resistance is raised by considering as the above. If this bulk density is less than 3.94 g/cm3, 
more desirable corrosion resistance will no longer be acquired, and also the reinforcement of an 
ingredient becomes low relatively. 

[0019] Furthermore, the rate (area) that a part with low (grain boundary) plasma resistance occupies to a 
plasma exposure side can be reduced by enlarging mean particle diameter of the alumina crystal grain 
which carried out eburnation in the predetermined range (that is, a grain boundary consistency can be 
decreased). In this invention, mean particle diameter of alumina crystal grain is set to 4 micrometers or 
more 15 micrometers or less. If the mean particle diameter of alumina crystal grain increases, a grain 
boundary consistency will decrease, but since the anti-chip box reinforcement of a member falls 
gradually, the mean particle diameter has desirable 15 micrometers or less. Moreover, when the mean 



particle diameter is less than 4 micrometers, a grain boundary consistency cannot fully be decreased and 
the degree of the plasma damage in a grain boundary becomes large. 

[0020] Furthermore, this invention person found out depending for the amount of etching by the plasma 
of the alumina crystal grain itself to the crystal stacking tendency of the plasma exposure side in a 
ceramic ingredient strongly. And as a result of research, when many alumina crystal (hOO) sides and 
(OkO) fields on the plasma exposure front face of a ceramic ingredient were distributed, it became clear 
that this front face was excellent in etching-proof nature. Drawing 2 supports such a result concretely 
and shows the correlation of the crystal stacking tendency of a member, and an etch rate. In drawing 1 , 
an axis of ordinate shows the rate of crystal orientation in the front face of an alumina-ceramics 
ingredient (1030/(11 13+1030)), and an axis of abscissa shows the rate (micrometer/hour) into which this 
front face is etched by the plasma. As the rate of crystal orientation becomes high, it is clearer than 
drawing 1 that the plasma becomes an etch rate falls, namely, is hard to be etched. A field (hOO) and 
(OkO) a field mean that this is high corrosion resistance to a plasma exposure in each crystal face of an 
alumina. Therefore, it becomes possible to raise plasma corrosion resistance by carrying out many 
orientation of a field (hOO) and (OkO) the field on the front face of alumina-ceramics material. 
[0021] Here, the rate of crystal orientation is called for by X diffraction measurement on the front face 
of an ingredient. If an ingredient front face is measured 2 theta/theta using the usual X-ray 
diffractometer by law (general approach used for identification of the crystal structure of bulk material 
and a powder ingredient), a diffraction pattern as shown, for example in drawing 3 will be obtained. In 
this pattern, reinforcement is obtained about the peak originating in the {1 13} sides of alumina crystal 
system, and {030} sides. Generally, reinforcement is obtained as height of a peak. And obtained 
reinforcement 1030 And 1113 The rate of crystal orientation is called for according to formula 1030/ 
(II 13+1030). In addition, generally, it is hexagonal and the crystal structure of a stable alumina of an a- 
axis and a b-axis is equivalent among three crystallographies axis as shown in drawing 4 . Therefore, in 
the case of such hexagonal structure, the field (030) and the field (300) are equivalent, are named 
genetically and made into {030} sides. 

[0022] Drawing 5 shows typically signs that {030} sides carry out orientation to the front face, in the 
alumina-ceramics ingredient by this invention. The ingredient shown in drawing 5 has the configuration 
of a rectangular parallelepiped. Such an ingredient has one pair of principal planes (a top face and base), 
and the side face which exists between them. According to this invention, in such an ingredient, 
orientation of the {030} sides can be strongly carried out almost in parallel to one pair of principal 
planes (a top face and base), and the rate of crystal orientation mentioned above in these fields can be 
made or more into 0.34. These front faces whose rates of orientation are 0.34 or more have the more 
excellent plasma corrosion resistance, and have the engine performance which was excellent as a plasma 
exposure side. On the other hand, in such a case, {030} sides have not carried out orientation to a side 
face strongly. However, the side face in which the conditions of alumina purity, a sintered compact 
consistency, and mean particle diameter are satisfied as mentioned above also has plasma corrosion 
resistance. The more excellent plasma corrosion resistance was able to be given by making the rate of 
crystal orientation on the front face of an ingredient or more into 0.34 so that the example shown below 
might show more concretely. 

[0023] The front face which was excellent with such plasma corrosion resistance can be obtained in the 
manufacture process of the ceramics including shaping of powder and the process of sintering by 
carrying out temporary quenching of the alumina raw material powder at 1000 degrees C - 1 150 degrees 
C, and carrying out pressing to 1 shaft orientations about the raw material which performed such 
temporary quenching treatment. According to a 1000 degrees C - 1 150 degrees C [ such ] temporary- 
quenching process, alumina powder turns into raw material powder to which it has an anisotropy about a 
configuration, and particle size was equal (that is, the raw material with which neck growth took place is 
obtained). It is desirable to use the alumina powder of a high grade to which particle size was equal in 
what has comparatively small mean particle diameter (for example, mean particle diameter of 0.3-0.5 
micrometers) for the raw material powder for presenting such a temporary-quenching process. Such 
alumina powder can be obtained as a commercial item. As mentioned above, after carrying out 



temporary quenching of the alumina powder, the orientation of the {030} sides can be made to carry out 
in the direction almost perpendicular to these 1 shaft orientations strongly by pressing into 1 shaft 
orientations. Here, the compression moulding technique to which a load is applied only in the direction 
parallel to one certain shaft as the pressing of 1 shaft orientations as shown in drawing 6 is meant. The 
rate of crystal orientation can use the field where the pressure was put on 1 shaft orientations in the 
Plastic solid acquired after these processes as 0.34 or more front faces. The alumina ceramics according 
to this invention can be manufactured by performing CIP shaping after such a press of 1 shaft 
orientations, and subsequently sintering. On the other hand, after the pressing of 1 shaft orientations, 
even if it sinters without performing CIP shaping, an ingredient with the high crystal stacking tendency 
on the front face of a sintered compact can be obtained. 

[0024] Except surely performing the temporary-quenching process mentioned above and the pressing 
process of 1 shaft orientations, the manufacture approach by this invention can follow the usual 
conditions. That is, in a general process, as the alumina powder (generally powder of stable alpha mold 
(corundum structure) alumina) of a high grade was mentioned above, after carrying out temporary 
quenching, an organic binder, a dispersant, water, etc. are added to the raw material powder obtained, 
and a slurry is prepared. If needed, a spray dryer etc. is used, the obtained slurry is corned and dried, and 
the end of agglomerated powder is obtained. Thus, as the end of agglomerated powder it was obtained is 
put into metal mold and mentioned above, after carrying out pressing to 1 shaft orientations, CIP 
shaping is performed if needed. Thus, after heating the acquired Plastic solid and degreasing, sintering is 
performed and the alumina ceramics which have a required configuration according to an application are 
obtained. Sintering temperature can be made into 1550 degrees C - 1720 degrees C. Thus, about the 
obtained alumina-ceramics material, required processing of a grinding process, polish processing, etc. is 
performed, and a product is obtained through a suitable washing process etc. The obtained product can 
be offered as the component or components of the equipment used for a semi-conductor process which 
was mentioned above, for example. 
[0025] 

[Example] Example mean particle diameter is 0.5 micrometers, while being 99.8% - 99.99%, temporary 
quenching of the alumina raw material powder which has various purity was carried out at 1000-1 150 
degrees C for 1 to 2 hours, and neck growth was made to perform. Thus, in the raw material powder 100 
weight section which carried out temporary quenching, the water 60 weight section, the ammonium 
system dispersant 0.3 weight section, and the polyvinyl alcohol system binder 2 weight section were 
added, and the slurry was obtained by mixing with a ball mill for 16 hours. The agglomerated powder of 
spherical granulation was prepared by carrying out spray drying of the obtained slurry with a spray 
dryer. The obtained agglomerated powder is set to metal mold, and it is 300kg/cm2 to 1 shaft 
orientations. Pressing was carried out by the pressure. To the acquired Plastic solid, it sets further at a 
rubber die, and is 2 1.2t/cm. CIP shaping was given by the pressure. It degreased by having carried out 
the temperature up of the acquired Plastic solid in the small electric furnace, it calcinated at 1550-1720 
degrees C for 2 hours, and alumina ceramics were obtained. Thus, the front face of the obtained alumina 
ceramics was wrapped with the precision grinder, using a diamond slurry with a mean particle diameter 
of 0.5-1.0 micrometers as abrasives, and the member front face was mirror-plane-ized. 
[0026] About the obtained alumina-ceramics ingredient, bulk density, alumina purity, the diameter of 
average crystal grain, the rate of crystal orientation, the etch rate by plasma exposure, and anti-chip box 
reinforcement were measured. Bulk density was measured by the Archimedes method. Alumina purity 
was measured by ICP emission spectrometry. The diameter of average crystal grain was measured by 
photo finish by SEM observation, a crystal — orientation — a rate — measurement — **** — GONIO — a 
formula — X-ray diffractometer — using — each — an alumina — an ingredient (lOmmxlOmm) — main — 
a front face — receiving — an X diffraction — an image — observing — an angle of diffraction — 
whenever — 43.36 — degree — 68.19 — degree — respectively -- appearing — {— 1 13 --} — a field — {— 
030 --} - a field - a peak - diffraction - reinforcement - from - a formula - I - 030 - / (II 13+1030) - 
- the rate of crystal orientation — having asked . In the plasma exposure to a ceramic ingredient, the 
plasma exposure was carried out on the conditions shown in Table 1 using parallel monotonous mold 



ion etching equipment. The mask on a Teflon tape was partially prepared in the exposure side (polished 
surface mentioned above) of each trial ingredient, and the plasma exposure was performed. The Teflon 
tape after an exposure was removed, and the amount of corrosion in a plasma exposure side (the amount 
of damages) was calculated on the basis of the non-irradiating field (plasma non-irradiated side) by 
which the mask was carried out, and it asked for the total etch rate. This amount of damages was 
calculated from both level difference measurement with the exposure side and the non-irradiating field 
by the sensing-pin type level difference meter, and measurement of the amount of surface irregularity by 
the atomic force microscope (AFM). That is, as shown in drawin g 7 , the amount of surface irregularity 
shown by A was calculated by AFM, and the amount of level differences shown by B was calculated 
with the sensing-pin type level difference meter. The amount of damages by the plasma totals these 
amounts. Moreover, it asked for the anti-chip box reinforcement of each trial ingredient by the three- 
point bending test. 
[0027] 
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[0028] The example mean particle diameter of a comparison is 0.5 micrometers, while being 99.3% - 
99.99%, about the examples 1-4 of a comparison, temporary quenching of the alumina raw material 
powder which has various purity was carried out at 1020-1210 degrees C for 1 to 2 hours, and neck 
growth was made to perform. Thus, in the raw material powder 1 00 weight section which carried out 
temporary quenching, the water 60 weight section, the ammonium system dispersant 0.3 weight section, 
and the polyvinyl alcohol system binder 2 weight section were added, and the slurry was obtained by 
mixing with a ball mill for 16 hours. The agglomerated powder of spherical granulation was prepared by 
carrying out spray drying of the obtained slurry with a spray dryer, the obtained agglomerated powder — 
metal mold — it is — 1 shaft orientations — 300kg/cm2 Pressing was carried out by the pressure. It sets 
further to the acquired Plastic solid at a rubber die, and they are 1.2 t/cm2. CIP shaping was carried out 
by the pressure. After degreasing by carrying out the temperature up of the acquired Plastic solid using a 
small electric furnace, it calcinated at the temperature of 1510-1770 degrees C for 2 hours. After 
performing polish processing like [ alumina ceramics / which were obtained ] the above-mentioned 
example and mirror-plane-izing a front face, it asked for bulk density, purity, a mean diameter, the rate 
of crystal orientation, an etch rate, and anti-chip box reinforcement like the above-mentioned example. 
[0029] Moreover, about the example 5 of a comparison, temporary quenching of the alumina raw 
material powder was not carried out, but, as for the pressing of 1 shaft orientations, agglomerated 
powder also performed CIP shaping, without carrying out. Other conditions were the examples 1-4 of a 
comparison, and these conditions. 

[0030] The result obtained in the example and the example of a comparison, respectively is shown 
[ example / temperature / burning temperature and / temporary-quenching ] in Table 2 and 3 with 
burning temperature about the example of a comparison. It is the bulk density of alumina ceramics so 
that clearly [ compare these results and ] 3.94 g/cm3 By making mean particle diameter to 4 
micrometers - 15 micrometers, making alumina purity into 99.75% or more, and making the rate of 
crystal orientation of the front face or more into 0.34 shows above that the ingredient which is excellent 
in the corrosion resistance over the fluorine system plasma, and has high anti-chip box reinforcement is 



obtained. Moreover, in order to make the rate of crystal orientation on the front face of a sintered 
compact increase, a temporary-quenching process (neck growth process) is indispensable, and it turns 
out that the rate of crystal orientation on the front face of an ingredient increases with the rise of 
temporary-quenching temperature. In addition, in this invention, desirable temporary-quenching 
temperature is 1000-1 150 degrees C, if this temporary-quenching temperature is less than 1000 degrees 
C, neck growth of alumina powder will not fully advance, and if temporary-quenching temperature 
exceeds 1 150 degrees C, the diameter of granulation will become large, therefore pack density falls and 
the bulk density of the sintered compact obtained becomes small. In the alumina ceramic material by 
this invention, an etch rate is small in 0.5micrometers/[ an hour and ] or less so that clearly [ compare an 
ingredient (comparison material 1) with low bulk density, an ingredient with low purity (comparison 
material 2), an ingredient (comparison material 3) with a small particle size, an ingredient (comparison 
material 4) with a big particle size, and an ingredient with the low rate of crystal orientation (comparison 
material 5) with the ingredient obtained in the example and ], and anti-chip box reinforcement is 
35kg/cm2. It turns out [ the above and ] that it is large. Moreover, signs that the ingredient of an 
example and the ingredient (comparison material 2) of the example of a comparison whose sintering 
temperature is 1670 degrees C were compared about the etch rate are shown in drawing 8 . With the 
ingredient by this invention, it is fewer than comparison material about all of the amount of etching by 
the level difference shown by the amount of etching and B by the irregularity shown by A, and it turns 
out that it has the corrosion resistance in which the ingredient by this invention was excellent to the 
fluorine system plasma so that clearly from drawing. 
[0031] 
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[0033] 

[Effect of the Invention] According to this invention, the corrosion resistance over the plasma, especially 
the fluorine system plasma is more excellent, and an alumina-ceramics ingredient with high 
reinforcement can be obtained as explained above. Formation of etching, ashing, and the semi-conductor 
epitaxial growth film, manufacture of an LSI circuit, the manufacture of a liquid crystal display of this 
invention, etc. are useful especially as the component or components of the equipment used for a semi- 
conductor process. Moreover, the alumina-ceramics ingredient which has a front face superior to 
corrosion resistance one to the plasma can be obtained by combining a temporary-quenching process 
and the pressing process of 1 shaft orientations, as mentioned above. Especially, such a manufacture 
approach does not need a complicated process and can perform it by the suitable man day. 
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PRIOR ART 



[Description of the Prior Art] The equipment which process using the plasma of a plasma etching 
system , a plasma ashing device , plasma CVD equipment , etc. can perform efficient required 
processing at low temperature , and it be indispensable from the point that control of processing also 
have few possibilities of it be comparatively easy and give a damage to ingredients , such as a semi- 
conductor substrate , in manufacture of high integrated semiconductor equipment , a liquid crystal 
display , etc. 

[0003] Introduce reactant gas in the container which should perform processing decompressed near the 
vacuum, impress a RF and microwave, a discharge in gases is made to cause, and the plasma is made to 
generate with these equipments. Drawing 1 shows typically an example of this kind of plasma treatment 
equipment. In this equipment, it is laid on the sample base 23 and the surroundings of it are surrounded 
with a protective plate 24. And when plasma treatment is performed to the front face of the ingredient 
held by the clamper 25, the inside of the plasma production room 20 from the gas supply line 13 after 
performing exhaust air from an exhaust port 14 and setting the inside of the reaction container 1 1 as a 
predetermined degree of vacuum — CF4, C three F8, C12, and HBr, Ar and 02 etc. reactant gas is 
supplied. Cooling water is poured during actuation of equipment at the cooling water circulation room 
18, and the circumference of the reaction container 1 1 is cooled. Microwave is introduced into the 
dielectric wire way 12 through a waveguide 15 from a microwave oscillator 16. Electric field are formed 
in dielectric wire way 12 lower part by this, and the formed electric field pass the microwave installation 
aperture 22, and are introduced in the plasma production room 20. The gas supplied from the gas supply 
line 13 is introduced in the plasma production room 20, and is plasma-ized by the exposure of 
microwave. Among plasma, a neutral radical mainly passes the mesh-like dashboard 17, and reaches on 
the front face of breadth and an ingredient in a reaction chamber 21 electrically, and plasma treatment is 
performed. Moreover, in such equipment, an electrostatic chuck etc. is used as a fixture holding the 
ingredient which should be carried out plasma treatment. 

[0004] In such plasma treatment equipment, a microwave installation aperture, a protective plate, a 
clamper, an electrostatic chuck, etc. are exposed to the plasma. Therefore, these members need to have 
corrosion resistance to the plasma. A member which has the outstanding corrosion resistance is desired 
to the reactant higher fluorine system plasma especially generated from fluorocarbon and other fluorine 
content gas. 

[0005] JP,8-81258,A indicates the technique for offering the alumina-ceramics sintered compact which 
is excellent in dry etching-proof nature. As for an alumina-ceramics sintered compact, according to this 
official report, 99.99 or less % of the weight of an aluminum oxide and the remainder consist of an 
oxide of metals other than aluminum 99.2% of the weight or more, and mean particle diameter is 0.5 
micrometers or more 1.5 micrometers or less in there, and consistencies are 3.88 g/cm3. It is 3.97 g/cm3 
above. It is the following. Moreover, this sintered compact that carried out the grinding process is heat- 
treated over 6 or less hours for 0.1 hours or more at 1000-degree-C or more temperature of 1550 degrees 
C or less. 

[0006] JP,8-231266,A indicates the technique for offering the improved aluminum ceramic ingredient 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the alumina-ceramics ingredient which has the 
corrosion resistance which was excellent especially to the fluorine system plasma exposure required for 
semi-conductor processes, such as etching, production of the semi-conductor epitaxial growth film, and 
manufacture of an LSI circuit, and its manufacture approach about alumina ceramics excellent in plasma 
corrosion resistance, and its manufacture approach. 



[Translation done.] 



which has strong resistance to etching by the fluorine plasma. According to this official report, the 
improved alumina-ceramics ingredient consists of 99.5 % of the weight - 99.8% of the weight of an 
alumina, and binders, such as 0.5 % of the weight - 0.2% of the weight of a silica, and CaO, MgO, and it 
has the particle size distribution of the single mode centering on 15 micrometers - 30 micrometers. 
[0007] JP,9~2864,A also indicates the technique for offering the alumina-ceramics ingredient which has 
high resistance to the fluorine plasma. According to this official report, a polycrystal alumina-ceramics 
ingredient forms the non-sintered compact which consists of 99.3 % of the weight - 99.7% of the weight 
of an alumina, and 0.7 % of the weight - 0.3% of the weight of a binder, and is manufactured by 
sintering at the temperature of about 1400 degrees C - 1700 degrees C for about 8 to 12 hours. At this 
time, area % of the non-sintered particle in a polycrystal alumina-ceramics ingredient does not exceed 
0.1 area %. 
[0008] 



[Translation done.] 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the corrosion resistance over the plasma, especially 
the fluorine system plasma is more excellent, and an alumina-ceramics ingredient with high 
reinforcement can be obtained as explained above. Formation of etching, ashing, and the semi-conductor 
epitaxial growth film, manufacture of an LSI circuit, the manufacture of a liquid crystal display of this 
invention, etc. are useful especially as the component or components of the equipment used for a semi- 
conductor process. Moreover, the alumina-ceramics ingredient which has a front face superior to 
corrosion resistance one to the plasma can be obtained by combining a temporary-quenching process 
and the pressing process of 1 shaft orientations, as mentioned above. Especially, such a manufacture 
approach does not need a complicated process and can perform it by the suitable man day. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The alumina-ceramics member used for the equipment for a 
semi-conductor process etc. is expected to fulfill conditions, like that it is the thing of level which can 
disregard the contamination to workpieces, such as that damage does not progress locally by the plasma 
exposure other than having the corrosion resistance which was excellent to the plasma, especially the 
fluorine system plasma, and a wafer, that material strength is comparatively large, and it can 
manufacture by the suitable man day. With the alumina-ceramics ingredient indicated by JP,8- 
23 1266, A, alumina purity is comparatively low, and since elements, such as calcium and Mg, are 
included as a binder, possibility of being set to the level which cannot disregard the contamination to a 
wafer can be considered. Moreover, with this ingredient, since the particle-size consistency is 
comparatively large, the standard of typical reinforcement is comparatively as small as 40,000psi(s) 
(about 28kg/mm 2). Moreover, since such an ingredient has the comparatively small sintered compact 
consistency, it is thought that damage tends (it can be easy to dig deeply) to progress locally by plasma 
exposure. Alumina purity is comparatively low, and since the ceramic ingredient indicated by JP,9- 
2864,A also contains elements, such as calcium and Mg, as BAIDA, it is considered may be set to the 
level which cannot disregard the contamination to a wafer. Moreover, it is thought that the manufacture 
process indicated by this official report has comparatively many routing counters, and it is not so good 
since sintering time amount is comparatively as long as 8 - 12 hours. [ of productive efficiency ] With 
the technique indicated by JP,8-81258,A, 0.1-6 hours needs to be heat-treated of 1000-1550 degrees C 
after sintering and a grinding process. It is necessary to look for proper conditions according to 
distortion, the amount of micro cracks, etc. which were generated at the time of sintering, and a 
production process becomes more complicated for such heat-treatment. Moreover, with this technique, 
the sintered compact consistency shown concretely does not become so high, but it is thought that there 
is room to raise an etching-proof property further. 

[0009] The purpose of this invention is offering the outstanding alumina-ceramics ingredient of the 
corrosion resistance over a plasma exposure rather than the conventional ingredient. 
[0010] The further purpose of this invention is offering the technique the corrosion resistance over the 
fluorine system plasma being excellent, and an alumina-ceramics ingredient with high reinforcement 
being manufactured according to a comparatively simple process. 
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MEANS 



[Means for Solving the Problem] this invention person came to complete this invention by the corrosion 
resistance over the fluorine plasma of an alumina sintered compact finding out that it is dependent on 
alumina purity, a sintered compact consistency, mean particle diameter, and a crystal stacking tendency, 
and setting up more desirable conditions about them. 

[0012] Namely, the alumina-ceramics ingredient excellent in the plasma corrosion resistance by this 
invention Alumina purity is 99.75% or more, and the diameter of average crystal grain is 4 micrometers 
- 15 micrometers, and bulk density is 3 3.94g/cm. It consists of alumina ceramics which they are above. 
And it sets to X diffraction measurement and is formula 1030/(11 13+1030) (among a formula). 1030 And 
1113 the reinforcement of the peak corresponding to the alumina crystal {030} side of a diffraction 
pattern and {113} sides which are acquired by X diffraction measurement, respectively — it is — The 
rate of crystal orientation called for is characterized by having the front face which is 0.34 or more as a 
front face of plasma corrosion resistance. 

[0013] Moreover, the manufacture approach of an alumina-ceramics ingredient excellent in the plasma 
corrosion resistance by this invention is characterized by to have the process which performs pressing to 
1 shaft orientations in the approach of manufacturing a ceramic ingredient by sintering the Plastic solid 
which fabricated alumina raw material powder and was acquired, about the process which carries out 
temporary quenching of the alumina raw material powder at the temperature of 1000 degrees C - 1 150 
degrees C before fabricating alumina raw material powder, and the ingredient which performed 
temporary quenching. 

[0014] According to this invention which has the above description, the member by which the etch rate 
to a plasma exposure was stopped by 1/2 or less rather than the member by the conventional technique 
can be offered, for example. 
[0015] 

[Embodiment of the Invention] This invention is applicable to the component or components of 
equipment which are used for processes, such as production of for example, wafer etching, ashing, and 
the semi-conductor epitaxial growth film, CVD, LSI circuit manufacture, and liquid crystal display 
manufacture. More specifically, this invention can constitute vacuum chamber components, such as 
equipment wall material, shielding material, plate material, and clamp material, the dummy wafer for 
surface preparation, the hand for silicon wafers, a microwave installation aperture, an electrostatic 
chuck, etc. Hereafter, this invention is explained more concretely. 

[0016] The corrosion of the ceramic material by plasma exposure advances the grain boundary between 
crystal grain, and within crystal grain. In order to raise the corrosion resistance of a ceramic ingredient, 
it is important to lose reduction and the opening of the impurity layer in which the corrosion resistance 
which exists in a grain boundary is inferior, and to raise [ both ] the corrosion resistance of the crystal 
grain itself. 

[0017] First, by raising the alumina purity in alumina ceramics, the impurity contained in a sintered 
compact can be reduced and the generation and the deposit of an impurity layer in a grain boundary can 
be controlled. In this invention, an ingredient with little corrosion by the plasma in a grain boundary is 



offered by making alumina purity into 99.75% or more. If this purity is less than 99.75%, it will become 
difficult to give more desirable corrosion resistance to a ceramic ingredient. 

[0018] Moreover, the opening part which exists in a grain boundary can be decreased by what the bulk 
density of a Plastic solid is raised for (eburnation is carried out), and the corrosion resistance over the 
plasma can be raised. At this invention, it is the bulk density of a ceramic ingredient 3.94 g/cm3 Plasma 
corrosion resistance is raised by considering as the above. If this bulk density is less than 3.94 g/cm3, 
more desirable corrosion resistance will no longer be acquired, and also the reinforcement of an 
ingredient becomes low relatively. 

[0019] Furthermore, the rate (area) that a part with low (grain boundary) plasma resistance occupies to a 
plasma exposure side can be reduced by enlarging mean particle diameter of the alumina crystal grain 
which carried out eburnation in the predetermined range (that is, a grain boundary consistency can be 
decreased). In this invention, mean particle diameter of alumina crystal grain is set to 4 micrometers or 
more 15 micrometers or less. If the mean particle diameter of alumina crystal grain increases, a grain 
boundary consistency will decrease, but since the anti-chip box reinforcement of a member falls 
gradually, the mean particle diameter has desirable 15 micrometers or less. Moreover, when the mean 
particle diameter is less than 4 micrometers, a grain boundary consistency cannot fully be decreased and 
the degree of the plasma damage in a grain boundary becomes large. 

[0020] Furthermore, this invention person found out depending for the amount of etching by the plasma 
of the alumina crystal grain itself to the crystal stacking tendency of the plasma exposure side in a 
ceramic ingredient strongly. And as a result of research, when many alumina crystal (hOO) sides and 
(OkO) fields on the plasma exposure front face of a ceramic ingredient were distributed, it became clear 
that this front face was excellent in etching-proof nature. Drawing 2 supports such a result concretely 
and shows the correlation of the crystal stacking tendency of a member, and an etch rate. In drawing 1 , 
an axis of ordinate shows the rate of crystal orientation in the front face of an alumina-ceramics 
ingredient (1030/(11 13+1030)), and an axis of abscissa shows the rate (micrometer/hour) into which this 
front face is etched by the plasma. As the rate of crystal orientation becomes high, it is clearer than 
drawing 1 that the plasma becomes an etch rate falls, namely, is hard to be etched. A field (hOO) and 
(OkO) a field mean that this is high corrosion resistance to a plasma exposure in each crystal face of an 
alumina. Therefore, it becomes possible to raise plasma corrosion resistance by carrying out many 
orientation of a field (hOO) and (OkO) the field on the front face of alumina-ceramics material. 
[0021] Here, the rate of crystal orientation is called for by X diffraction measurement on the front face 
of an ingredient. If an ingredient front face is measured 2 theta/theta using the usual X-ray 
diffractometer by law (general approach used for identification of the crystal structure of bulk material 
and a powder ingredient), a diffraction pattern as shown, for example in drawi ng 3 will be obtained. In 
this pattern, reinforcement is obtained about the peak originating in the {113} sides of alumina crystal 
system, and {030} sides. Generally, reinforcement is obtained as height of a peak. And obtained 
reinforcement 1030 And 1113 The rate of crystal orientation is called for according to formula 1030/ 
(II 13+1030). In addition, generally, it is hexagonal and the crystal structure of a stable alumina of an a- 
axis and a b-axis is equivalent among three crystallographies axis as shown in drawing 4 . Therefore, in 
the case of such hexagonal structure, the field (030) and the field (300) are equivalent, are named 
generically and made into {030} sides. 

[0022] Draw ing 5 shows typically signs that {030} sides carry out orientation to the front face, in the 
alumina-ceramics ingredient by this invention. The ingredient shown in drawing 5 has the configuration 
of a rectangular parallelepiped. Such an ingredient has one pair of principal planes (a top face and base), 
and the side face which exists between them. According to this invention, in such an ingredient, 
orientation of the {030} sides can be strongly carried out almost in parallel to one pair of principal 
planes (a top face and base), and the rate of crystal orientation mentioned above in these fields can be 
made or more into 0.34. These front faces whose rates of orientation are 0.34 or more have the more 
excellent plasma corrosion resistance, and have the engine performance which was excellent as a plasma 
exposure side. On the other hand, in such a case, {030} sides have not carried out orientation to a side 
face strongly. However, the side face in which the conditions of alumina purity, a sintered compact 



consistency, and mean particle diameter are satisfied as mentioned above also has plasma corrosion 
resistance. The more excellent plasma corrosion resistance was able to be given by making the rate of 
crystal orientation on the front face of an ingredient or more into 0.34 so that the example shown below 
might show more concretely. 

[0023] The front face which was excellent with such plasma corrosion resistance can be obtained in the 
manufacture process of the ceramics including shaping of powder and the process of sintering by 
carrying out temporary quenching of the alumina raw material powder at 1000 degrees C - 1 150 degrees 
C, and carrying out pressing to 1 shaft orientations about the raw material which performed such 
temporary quenching treatment. According to a 1000 degrees C - 1 150 degrees C [ such ] temporary- 
quenching process, alumina powder turns into raw material powder to which it has an anisotropy about a 
configuration, and particle size was equal (that is, the raw material with which neck growth took place is 
obtained). It is desirable to use the alumina powder of a high grade to which particle size was equal in 
what has comparatively small mean particle diameter (for example, mean particle diameter of 0.3-0.5 
micrometers) for the raw material powder for presenting such a temporary-quenching process. Such 
alumina powder can be obtained as a commercial item. As mentioned above, after carrying out 
temporary quenching of the alumina powder, the orientation of the {030} sides can be made to carry out 
in the direction almost perpendicular to these 1 shaft orientations strongly by pressing into 1 shaft 
orientations. Here, the compression moulding technique to which a load is applied only in the direction 
parallel to one certain shaft as the pressing of 1 shaft orientations as shown in drawing 6 is meant. The 
rate of crystal orientation can use the field where the pressure was put on 1 shaft orientations in the 
Plastic solid acquired after these processes as 0.34 or more front faces. The alumina ceramics according 
to this invention can be manufactured by performing CIP shaping after such a press of 1 shaft 
orientations, and subsequently sintering. On the other hand, after the pressing of 1 shaft orientations, 
even if it sinters without performing CIP shaping, an ingredient with the high crystal stacking tendency 
on the front face of a sintered compact can be obtained. 

[0024] Except surely performing the temporary-quenching process mentioned above and the pressing 
process of 1 shaft orientations, the manufacture approach by this invention can follow the usual 
conditions. That is, in a general process, as the alumina powder (generally powder of stable alpha mold 
(corundum structure) alumina) of a high grade was mentioned above, after carrying out temporary 
quenching, an organic binder, a dispersant, water, etc. are added to the raw material powder obtained, 
and a slurry is prepared. If needed, a spray dryer etc. is used, the obtained slurry is corned and dried, and 
the end of agglomerated powder is obtained. Thus, as the end of agglomerated powder it was obtained is 
put into metal mold and mentioned above, after carrying out pressing to 1 shaft orientations, CIP 
shaping is performed if needed. Thus, after heating the acquired Plastic solid and degreasing, sintering is 
performed and the alumina ceramics which have a required configuration according to an application are 
obtained. Sintering temperature can be made into 1550 degrees C - 1720 degrees C. Thus, about the 
obtained alumina-ceramics material, required processing of a grinding process, polish processing, etc. is 
performed, and a product is obtained through a suitable washing process etc. The obtained product can 
be offered as the component or components of the equipment used for a semi-conductor process which 
was mentioned above, for example. 
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EXAMPLE 



[Example] Example mean particle diameter is 0.5 micrometers, while being 99.8% - 99.99%, temporary 
quenching of the alumina raw material powder which has various purity was carried out at 1000-1 150 
degrees C for 1 to 2 hours, and neck growth was made to perform. Thus, in the raw material powder 100 
weight section which carried out temporary quenching, the water 60 weight section, the ammonium 
system dispersant 0.3 weight section, and the polyvinyl alcohol system binder 2 weight section were 
added, and the slurry was obtained by mixing with a ball mill for 16 hours. The agglomerated powder of 
spherical granulation was prepared by carrying out spray drying of the obtained slurry with a spray 
dryer. The obtained agglomerated powder is set to metal mold, and it is 300kg/cm2 to 1 shaft 
orientations. Pressing was carried out by the pressure. To the acquired Plastic solid, it sets further at a 
rubber die, and is 2 1 .2t/cm. CIP shaping was given by the pressure. It degreased by having carried out 
the temperature up of the acquired Plastic solid in the small electric furnace, it calcinated at 1550-1720 
degrees C for 2 hours, and alumina ceramics were obtained. Thus, the front face of the obtained alumina 
ceramics was wrapped with the precision grinder, using a diamond slurry with a mean particle diameter 
of 0.5-1.0 micrometers as abrasives, and the member front face was mirror-plane-ized. 
[0026] About the obtained alumina-ceramics ingredient, bulk density, alumina purity, the diameter of 
average crystal grain, the rate of crystal orientation, the etch rate by plasma exposure, and anti-chip box 
reinforcement were measured. Bulk density was measured by the Archimedes method. Alumina purity 
was measured by ICP emission spectrometry. The diameter of average crystal grain was measured by 
photo finish by SEM observation, a crystal — orientation — a rate — measurement — ****-- GONIO — a 
formula — X-ray diffractometer — using — each — an alumina — an ingredient (lOmmxlOmm) — main — 
a front face — receiving — an X diffraction — an image — observing — an angle of diffraction — 
whenever — 43.36 — degree — 68.19 — degree — respectively — appearing — {— 113 — } — a field — {-- 
030 — } - a field - a peak - diffraction - reinforcement - from - a formula - I - 030 — / (II 13+1030) - 
- the rate of crystal orientation — having asked . In the plasma exposure to a ceramic ingredient, the 
plasma exposure was carried out on the conditions shown in Table 1 using parallel monotonous mold 
ion etching equipment. The mask on a Teflon tape was partially prepared in the exposure side (polished 
surface mentioned above) of each trial ingredient, and the plasma exposure was performed. The Teflon 
tape after an exposure was removed, and the amount of corrosion in a plasma exposure side (the amount 
of damages) was calculated on the basis of the non-irradiating field (plasma non-irradiated side) by 
which the mask was carried out, and it asked for the total etch rate. This amount of damages was 
calculated from both level difference measurement with the exposure side and the non-irradiating field 
by the sensing-pin type level difference meter, and measurement of the amount of surface irregularity by 
the atomic force microscope (AFM). That is, as shown in drawing 7 , the amount of surface irregularity 
shown by A was calculated by AFM, and the amount of level differences shown by B was calculated 
with the sensing-pin type level difference meter. The amount of damages by the plasma totals these 
amounts. Moreover, it asked for the anti-chip box reinforcement of each trial ingredient by the three- 
point bending test. 
[0027] 
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[0028] The example mean particle diameter of a comparison is 0.5 micrometers, while being 99.3% - 
99.99%, about the examples 1-4 of a comparison, temporary quenching of the alumina raw material 
powder which has various purity was carried out at 1020-1210 degrees C for 1 to 2 hours, and neck 
growth was made to perform. Thus, in the raw material powder 1 00 weight section which carried out 
temporary quenching, the water 60 weight section, the ammonium system dispersant 0.3 weight section, 
and the polyvinyl alcohol system binder 2 weight section were added, and the slurry was obtained by 
mixing with a ball mill for 16 hours. The agglomerated powder of spherical granulation was prepared by 
carrying out spray drying of the obtained slurry with a spray dryer, the obtained agglomerated powder — 
metal mold — it is — 1 shaft orientations — 300kg/cm2 Pressing was carried out by the pressure. It sets 
further to the acquired Plastic solid at a rubber die, and they are 1.2 t/cm2. CIP shaping was carried out 
by the pressure. After degreasing by carrying out the temperature up of the acquired Plastic solid using a 
small electric furnace, it calcinated at the temperature of 1510-1770 degrees C for 2 hours. After 
performing polish processing like [ alumina ceramics / which were obtained ] the above-mentioned 
example and mirror-plane-izing a front face, it asked for bulk density, purity, a mean diameter, the rate 
of crystal orientation, an etch rate, and anti-chip box reinforcement like the above-mentioned example. 
[0029] Moreover, about the example 5 of a comparison, temporary quenching of the alumina raw 
material powder was not carried out, but, as for the pressing of 1 shaft orientations, agglomerated 
powder also performed CIP shaping, without carrying out. Other conditions were the examples 1-4 of a 
comparison, and these conditions. 

[0030] The result obtained in the example and the example of a comparison, respectively is shown 
[ example / temperature / burning temperature and / temporary-quenching ] in Table 2 and 3 with 
burning temperature about the example of a comparison. It is the bulk density of alumina ceramics so 
that clearly [ compare these results and ] 3.94 g/cm3 By making mean particle diameter to 4 
micrometers - 15 micrometers, making alumina purity into 99.75% or more, and making the rate of 
crystal orientation of the front face or more into 0.34 shows above that the ingredient which is excellent 
in the corrosion resistance over the fluorine system plasma, and has high anti-chip box reinforcement is 
obtained. Moreover, in order to make the rate of crystal orientation on the front face of a sintered 
compact increase, a temporary-quenching process (neck growth process) is indispensable, and it turns 
out that the rate of crystal orientation on the front face of an ingredient increases with the rise of 
temporary-quenching temperature. In addition, in this invention, desirable temporary-quenching 
temperature is 1000-1 150 degrees C, if this temporary-quenching temperature is less than 1000 degrees 
C, neck growth of alumina powder will not fully advance, and if temporary-quenching temperature 
exceeds 1 150 degrees C, the diameter of granulation will become large, therefore pack density falls and 
the bulk density of the sintered compact obtained becomes small. In the alumina ceramic material by 
this invention, an etch rate is small in 0.5micrometers/[ an hour and ] or less so that clearly [ compare an 
ingredient (comparison material 1) with low bulk density, an ingredient with low purity (comparison 
material 2), an ingredient (comparison material 3) with a small particle size, an ingredient (comparison 
material 4) with a big particle size, and an ingredient with the low rate of crystal orientation (comparison 
material 5) with the ingredient obtained in the example and ], and anti-chip box reinforcement is 



35kg/cm2. It turns out [ the above and ] that it is large. Moreover, signs that the ingredient of an 
example and the ingredient (comparison material 2) of the example of a comparison whose sintering 
temperature is 1670 degrees C were compared about the etch rate are shown in drawing 8 . With the 
ingredient by this invention, it is fewer than comparison material about all of the amount of etching by 
the level difference shown by the amount of etching and B by the irregularity shown by A, and it turns 
out that it has the corrosion resistance in which the ingredient by this invention was excellent to the 
fluorine system plasma so that clearly from drawing. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an example of plasma treatment equipment typically. 
[Drawing 2] It is drawing showing the correlation of the crystal stacking tendency in the front face of an 
alumina-ceramics member, and the rate at which etching advances by the plasma on this front face. 
[Drawing 3] It is the mimetic diagram showing the diffraction pattern obtained by X diffraction 
measurement. 

[Drawin g 4] It is the mimetic diagram showing the crystal structure of a stable alumina generally. 
[Drawin g 5] It is the mimetic diagram showing signs that the specific crystal face (specific crystal 
orientation) carries out orientation in a plasma exposure side in the alumina-ceramics ingredient by this 
invention. 

[ Drawin g 6] It is a mimetic diagram for explaining the pressing of 1 shaft orientations. 

[Drawing 7] It is the mimetic diagram showing signs that an alumina-ceramics ingredient is damaged by 

plasma exposure. 

[Drawing 8] It is drawing which clarifies the difference between the ingredient by this invention, and the 
ingredient by the example of a comparison about an etch rate. 
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